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ABSTRACT

An Economic Comparison of Two Leading Aquaponic Technologies
Using Cost Benefit Analysis
by
Grace M. Gibbons, Master of Science
Utah State University, 2020
Major Professor: Dr. Tanner McCarty
Department: Applied Economics
Aquaponics, the combination of conventional aquaculture and hydroponic
culturing of vegetables or herbs, is an agricultural technology with the potential to
address the tightening resource constraints facing traditional agricultural practices.
Despite the technical efficiencies and environmental benefits associated with this
production method, aquaponics is yet to be widely adopted. A lack of economic research
on the viability of aquaponics investments is likely a contributing factor. This study
compares the two most economically promising aquaponic system designs, or
technologies, to determine which would be more profitable at the intermediatecommercial scale. The two technologies of interest are the coupled and decoupled
systems. The coupled system recycles water from the hydroponic subsystem immediately
back into the aquaculture subsystem, whereas the decoupled system breaks this loop and
allows water to exit the system. Compared to the coupled system, the decoupled system
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requires more water, but allows for better control over water quality, which leads to
improved vegetable yields. A cost benefit analysis for coupled and decoupled systems of
equal size is performed to determine whether the additional cost of water usage in a dry
climate, such as Utah, would outweigh the additional revenue from more productive
crops. The results show that the variable cost of water is not high enough to overcome the
increased revenues. The decoupled system proved to be considerably more profitable at
the system size examined.
(54 pages)
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PUBLIC ABSTRACT
An Economic Comparison of Two Leading Aquaponic Technologies
Using Cost Benefit Analysis
Grace M. Gibbons
Aquaponics is an agricultural production practice which combines aquaculture,
the raising of fish, and hydroponics, a soil-less crop production method, to create a
system that symbiotically produces both. Compared to conventional open-field
agriculture, this practice is highly resource efficient in terms of water and land usage, but
has yet to be widely adopted due to a lack of research regarding its economic feasibility.
This study compares the two most economically promising aquaponic system designs to
determine which would be more profitable at the intermediate-commercial scale. The first
of these is the coupled system which continuously circulates water in a closed loop,
requiring very little input water to keep the system running. The second is the decoupled
system which breaks the continuous loop, incurring higher water costs while improving
vegetable yields by ensuring better water quality and allowing for the removal of
wastewater. A cost benefit analysis on the two systems – weighing the benefits of
investing in aquaponics against the costs – is performed. The two systems were compared
at an equal size to determine whether the additional cost of water usage in a dry climate,
such as Utah, would outweigh the additional revenue from the higher yields of the
decoupled system. Results show that the additional water cost incurred by the decoupled
system is not high enough to overcome the higher revenue of the decoupled system.
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INTRODUCTION

The world’s population is expected to increase by 2.5 billion people by the year
2050. This increase, combined with improving diets, translates to an expected 50%
increase in global food demand by 2050 (Pinstrup-Andersen, 2017). In the case of
developed countries, the amount of arable land available was maximized in the 1960’s
and has been declining since. As a result, developed countries have relied on more
intensive agricultural practices, producing more crops per acre, in order to meet demand.
Increased agricultural intensity is expected to account for 90% of the necessary growth to
meet 2050 demand (Alexandratos & Bruinsma, 2012). Aquaponics offers the potential to
address the issue of future food security through improved agricultural resource
management.
Aquaponics is an agricultural practice that combines aquaculture with
hydroponics, the raising of fish for consumption in a recirculating system and the soilless production of vegetables, respectively. The wastewater from the aquaculture
subsystem is utilized as a nutrient solution for hydroponically grown vegetables.
Aquaponics produces higher yields per acre while using less water and producing smaller
waste streams than traditional agriculture.
Ginkel et al. (2017) found that aquaponically-grown vegetables have a times more
efficient yield per acre than field-grown vegetables. Along with land efficiency,
aquaponics is eight times more water efficient than field-grown vegetables (Ginkel et al.,
2017). Irrigated open-field agriculture is the largest global user of water and constitutes
40% of global agricultural production (Winter et al., 2017). Previous studies show that
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aquaponics uses 5-14% of the water that conventional agriculture uses (Addy et al., 2017;
Pinstrup-Anderson, 2017; Ginkel et al., 2017). Aquaponic systems also have efficient
feed conversion ratios for protein production. Fish require less feed per kilogram of
added growth than all other agricultural animal products such as beef, mutton, and goat
(Tilman & Clark, 2014). Aquaponics minimizes feed loss or “fish waste” by converting it
into nutrients that contribute to biomass production (Palm et al., 2018). Aquaponics also
reduces the amount of land required to produce food. Conventional agriculture uses over
67 times more land than the area of the city it serves, while aquaponics uses only 3.5
times more land (Kiss et al., 2015). Aquaponics does not require arable land and can even
be implemented on rooftops or inside neglected industrial buildings.
Urbanization is steadily increasing on a global scale. In the year 2007, the share of
the total world population living in cities surpassed 50% for the first time in history. This
statistic climbs up to as high as 70% in some European and Asian countries (Kourtit et
al., 2012). This increased level of urbanization has translated into many new challenges
for the agricultural industry; aquaponic systems offer solutions to produce marketable
vegetable crops and fish close to urban centers without increasing pressure on arable land
(Forchino et al., 2017; Dos Santos, 2016). Above all, aquaponics uses approximately 5%
of the food system footprint, or spatial land use, of conventional agriculture for an
equivalent amount of food production (Kiss et al., 2015).
Aquaculture is responsible for producing approximately 50% of the fish products
consumed in the world but requires large amounts of freshwater and creates hazardous
wastewater containing antibiotics, pesticides, or fertilizers which are often expelled
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without proper purification (Nadarajah & Flaaten, 2017; Ismail et al., 2017). This
wastewater also contains high levels of nutrients that not only cause eutrophication but
could be channeled toward a productive use. Vegetables grown in aquaponics utilize up
to 71.7% of the total phosphorus in aquaculture wastewater, enhancing overall nutrient
utilization (Cerozi & Fitzsimmons, 2017). Before the wastewater flows to the crops, a
nitrifying bacterium converts the ammonium waste into nitrogen, which is soaked up by
the crops, purifying the water and enhancing plant growth.
Despite the aforementioned benefits associated with aquaponics, considerable
scientific research, and private investment, the industry has been slow to develop. One
particularly vexing problem has been the lack of guidance in optimal technology
selection. There are many ways to operate aquaponics, but economic comparisons of
expected profitability across technologies have been limited. This lack of data has
hampered the ability of aquaponic producers to operate efficiently and invest in this food
production technique knowledgeably. This study compares the expected profitability of
implementing two of the most economically promising aquaponic technologies, the
coupled and decoupled systems. Risk of implementation and profitability of the
investment over 15 years will be compared for both technologies to determine the likely
economic outcomes of each given the parameters of an intermediate-commercially sized
operation. This study additionally estimates the robustness of these comparisons across a
plausible range of important parameters including vegetable price, fish price, and water
price. With this information, producers can be more confident when considering
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aquaponics as a viable production system, which also has environmental and food
security benefits.

BACKGROUND – LITERATURE REVIEW

Aquaponics is not a new concept from a scientific point of view. As is common
with most agricultural practices, ancient cultures were the first to discover and implement
the efficiencies associated with aquaponics. According to Goddek et al. (2015), fish and
crops have been feeding off of each other for thousands of years. The most well-known
examples are islands of crops growing in shallow lakes in central America in 1150 BC
and the introduction of raising fish in flooded rice paddies in South-East Asia in 500.
Ancient aquaponics was simply the concept of raising fish near crops in order to take
advantage of the fish’s nutrient rich waste and to avoid eutrophication of the land
(Goddek et al., 2015). The very first model of modern aquaponics was conducted in
Germany by Ludwig Naegel in 1977. He raised tilapia in a recirculating aquaculture
system while growing iceberg lettuce and tomatoes using the deep-water culture
technique in the hydroponic subsystem. This model also included biofiltration, a
sedimentation tank and a sludge return system; these components were considered very
advanced for the time (Palm et al., 2018). The first operational model in the Unites States
was implemented in the late 1970’s and early 1980’s at the New Alchemy Institute North
Carolina State University, and the most famous example of aquaponics was started in
1980 and is currently in operation at the University of the Virgin Islands (Goddek et al.,
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2015). There is a large variety of ways that aquaponics operations can be structured.
These include using different materials, hydroponic production methods, fish and
vegetable combinations, system designs or varying operation sizes. It is not at all obvious
or intuitive as to which technology combination will lead to a higher expected return.
This has created uncertainty around determining whether or not aquaponics is
economically sustainable.
Numerous studies exist that examine the engineering or chemistry behind
aquaponics operations, but there are only a handful of studies quantifying the economic
factors behind its operation. While valuable, these studies branch a variety of economic
contributions. Some evaluate the profitability of a specific aquaponics operation at the
University of the Virgin Islands which was found to be highly profitable on all accounts
(Bailey et al., 1997, Rakocy et al., 2011, Simonetti, 2015). Another evaluated small-scale
aquaponics in Hawaii using a model which combined elements of five different
operations. It was found that although aquaponics was profitable, its success was highly
sensitive to output price (Tokunga, 2015). One of the studies was an international survey
analyzing the profitability, methods and yields of 257 respondents. It was found that less
than a third of the respondents were profitable (Love et al., 2015). Research by Kwamena
et al. (2017) compared the profitability of aquaponics to hydroponics and found that
aquaponics is only more profitable if the crops are sold at an organic premium. They also
compared aquaponics operations of three varying sizes and found significant economies
of scale. Petra et al. (2016) compared the deep-water culture hydroponic subsystem
technique to the light expanded clay aggregate (LECA) hydroponic subsystem technique
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and found that although using LECA incurred higher costs, it also generated higher
revenues which led to an overall higher profitability. Lastly, Bosma et al. (2017)
discovered that fish and vegetable combinations contribute significantly to determining
the profitability of aquaponics.
While one existing study performed an economic comparison of hydroponic
subsystem techniques (Petrea et al., 2016), research comparing the economic viability of
comprehensive system design choices, or technologies, is non-existent. The
comprehensive system design refers to the structure of the aquaponic system, holding all
other subsystem techniques constant. This research fills in the gap by conducting a cost
benefit analysis of two similarly sized aquaponics operations using two different
prominent technologies and observing which is more profitable. The coupled and
decoupled aquaponic systems are compared because they are the two most widely
researched and practiced comprehensive aquaponic system designs.
When aquaponics was first implemented, as in all of the examples listed above,
the coupled system was the original concept. Coupled aquaponics is also referred to as
the closed-loop or balanced system because it operates in a unidirectional flow of water –
running from the fish rearing tanks, though the nitrifying bacteria, to the hydroponic
troughs and directly back to the fish rearing tanks. In more recent years, a new aquaponic
system has been discovered, conversely referred to as the decoupled or open-loop system.
The difference between these two systems is the separation of the water flow between the
hydroponic troughs and the fish rearing tanks. Typically, the water from the fish rearing
tanks travels through the nitrifying bacteria to the plant troughs, as in the coupled system,
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but from there the water is expelled from the system instead of being sent back to the fish
rearing tanks. Freshwater is the main input for replenishing the water loss in the
aquaculture system so as to ensure that the water entering the fish rearing tanks provides
optimal conditions for fish health and growth. The water extracted from the hydroponic
troughs can be treated and purified in order to be recycled into the system and maintain
water use efficiency. The decoupled system allows for better control over water quality
compared to the coupled system – eliminating compromises in pH, temperature, and
other nutrient levels in both subsystems. The drawback to the decoupled technology is it
that it does not exhibit the same level of water efficiency, leading to a higher operating
cost than the coupled system (Patillo, 2017). Figures 1 and 2 represent simplified
examples of the coupled and decoupled system designs.
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Figure 1. Coupled Aquaponics Simplified System Design
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Figure 2. Decoupled Aquaponics Simplified System Design
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In order to examine the potential economic profitability of each system, the scale
of a commercial-scale aquaponics operation first had to be determined. According to
Palm et al. (2018), commercial-sized aquaponics consists of two classifications –
intermediate and large-scale. Intermediate-scale commercial aquaponics is defined as
having a site area between 100m2 and 500m2, and large-scale commercial aquaponics is
defined as being larger than 500m2. Palm et al. (2018) also confirmed that these systems
use high stocking densities with staggered fish and crop growth, and in terms of
hydroponic practices they most commonly use deep water culture or nutrient film
technique for their ease of nutrient management. Commercial-sized systems utilize high
degrees of mechanization and cultivate year-round in climate-controlled greenhouses.
Alternative energy sources are an additional component typically used on the commercial
scale due to high levels of energy consumption. Because aquaponics can be difficult to
operate, these operations require a large initial investment and skilled management with
the knowledge to operate the complexities of the aquaculture, biofiltration, and
hydroponic subsystems. Within these three main units, most commercial systems are
comprised of the following components: fish rearing tanks, solids separation, solids
disposal, pump sump, trickling filter biofiltration, transfer tank for fish process water, and
hydroponic troughs.
There is one more component which is dependent on system design. Each system
will either have a water discard/treatment tank if it is decoupled or a transfer tank for
plant process water if it is coupled. Most large-scale aquaponic systems use decoupled
technology because of the increased control over water quality. Although water
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efficiency is sacrificed, fish and plant production can be optimized for more productive
outputs. In order to compensate for the loss in water efficiency, some commercial
systems will use cold traps, biogas systems, photovoltaic systems and other
evapotranspiration reclamation techniques in order to reclaim more water and retain
efficiencies, (Palm et al., 2018). This research also states that,
“a main weakness in the development of larger scale aquaponics is the
economic sustainability in comparison to stand-alone systems (RAS,
hydroponics) and the different factors such as energy use that influence
economic failure or success. This area is crucial but sadly under
researched,” (Palm et al., 2018).
Previous economic research on commercial aquaponics has largely focused on the
impacts of size or location of the operation on profitability. For example, Bailey et al.
(1997) performed an economic analysis of three different sizes of aquaponics based on
the University of the Virgin Islands operation to determine which would have the highest
rate of return. They discovered that aquaponics exhibits economies of scale with the
largest and most profitable system producing 20,160 heads of lettuce and 1,428 kg of
tilapia per week at an internal rate of return of 21.7%. This was compared to the second
largest system which exhibited an internal rate of return of only 9% while producing
5,040 heads of lettuce and 357 kg of tilapia per week. Another study that investigated
economies of scale collected economic data from three commercial scale aquaponic
farms in Hawaii. They found that the average initial investment of these farms was
$217,078, about half of which was attributed to the cost of building the facility and
infrastructure. Overall this study found aquaponics to be a profitable and viable food
production method in Hawaii over the 30-year life of the project. They discovered that
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profitability was most sensitive to the selling price of the vegetables (Tokunga et al.,
2015). This falls in line with research that states the most profitable part of aquaponics is
the vegetable production component.
This study builds on two previous studies by conducting a cost benefit analysis of
coupled and decoupled intermediate-scale commercial aquaponic systems operated in
Utah to determine which technology is more profitable for commercial production in this
state. Werner Kloas and Hendrick Monsees et al. (2015) collaborated to perform a test on
an optimized prototype of decoupled aquaponics raising tilapia and growing tomatoes in
Berlin, Germany. This study discusses how coupled aquaponics has inherent
inefficiencies despite its impressive sustainability as compared to stand-alone aquaculture
or hydroponics. The first of these inefficiencies is the pH of the water flowing through
the system. The preferred pH for most fish and nitrifying bacteria is somewhere in the
range of 7-9, but most plant species remain the healthiest at a pH between 5.8 and 6.2.
This means that the most effective way to run the coupled system would be at a
compromise in pH, which leads to compromises in fish health, nitrifying capabilities, and
plant productivity.
Another complication is striking the balance between the amount of nutrients the
plants need to grow and the amount of nutrients the fish can provide. Most plant nutrients
only become absorbable at a pH of 5.5-6.5, in an environment where pH control is
difficult. In order to introduce enough available nutrients into the system, fish are often
reared at sub-optimal conditions, including high stocking densities, low pH, and the
addition of fertilizers. This can quickly lead to maintaining a higher feed conversion ratio
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than what is optimal, meaning that more feed is necessary for the fish to gain the same
amount of weight they would have gained at a less stressful stocking density. In an
attempt to keep lower stocking densities which protect the fish, the coupled aquaponics
design is limited to growing plants with lower nutrient requirements, such as leafy
greens, in order to remain efficient. Because of these observations, the purpose of Kloas
and Monsees’ research was to test whether or not decoupled aquaponics would share the
same operational inefficiencies. This experiment was operated at an intermediatecommercial scale and reported on tomato yield, tilapia production, water usage, and
nutrient composition. The system was able to reclaim about 25% of the water needed for
replenishment, achieve a highly efficient feed conversion ratio of 1.01 for three months
of the 9-month study, and observed a tomato productivity of 19.60 lbs. per plant. It was
concluded that a decoupled design could greatly improve the productivity of large-scale
aquaponics (Monsees et al., 2015).
Later, in 2017, Monsees and Kloas published a second article addressing a similar
topic. They used a pilot study to directly compare the productivity of the coupled and
decoupled system designs using a stand-alone recirculating aquaculture system as a
control. They assessed growth parameters of the fish and vegetables over a six-month
period and noted nutrient levels, abiotic factors, fertilizer use, and water consumption.
The results echoed their last paper in finding that the decoupled system exhibited a 36%
higher fruit yield, and that both pH and nutrient management was more effective, though
fish production was comparable across all three systems. This pilot study allows
comparison in a way that no other research on coupled and decoupled aquaponics has.
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Therefore, it has been used as the centerpiece of this cost benefit analysis comparing the
two technologies. In order to scale up the size of the operation from the pilot study, the
parameters of the 2015 research on decoupled aquaponics have been used to convert the
pilot-sized hydroponic subsystems to an intermediate-scale commercial system (Monsees
et al., 2017).
Although the profitability of aquaponics has been researched before, most of the
previous studies using cost benefit analysis are on the same farm – the aquaponic facility
at the University of the Virgin Islands. While the extensive research done at the
University of Virgin Islands has been incredibly helpful to the continued growth of the
aquaponic industry, the research pertaining to cost benefit analysis can be misleading for
those looking to practice aquaponics in parts of the continental United States. The Virgin
Islands provide tropical conditions for aquaponics which greatly reduce the need for full
greenhouse infrastructure. This also results in greatly reduced energy costs. This
minimalistic infrastructure and tropical climate allow aquaponics in the Virgin Islands to
utilize rainwater to reduce their water usage costs, further improving profitability, (Bailey
et al., 1997). Selling prices for vegetables and fish in the Virgin Islands are also higher on
average than those in the continental United States. In the year 2011, tilapia were sold for
$3.00 per lb. (Rakocy et al., 2011). In 2019 terms, this is $0.73 more per pound than the
national average tilapia price a producer would receive (USDA NASS, 2018). According
to the Economic Research Institute (2020), the Virgin Islands rank 45% higher than the
continental United States national average cost of living, with food in particular being in
the “least affordable” category. The higher cost of living in the Virgin Islands, which
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results in a higher cost of produce in particular, translates to much higher revenues for
aquaponics operations. In the future, the hope is that aquaponics will be used to help
solve issues of food security particularly in food deserts – urban areas where arable land
is not available and fresh food is not easily accessible. The resource efficiency of
aquaponics cannot have the environmental impact it is capable of unless this agricultural
practice can be implemented in these specific areas in the continental United States. This
research provides a clearer picture of the risks and returns to aquaponic production in an
urban area.

METHODS

Cost benefit analysis is a classic method of economic analysis used to determine
the economic viability of a potential investment. It operates by totaling the present value
of benefits received from the investment and subtracting out the present value of the cost
of implementation and operation. Present value works from the premise that costs and
benefits occurring in the future matter less than costs or benefits occurring today. How
much less they matter is determined by the discount rate and how far in the future they
are. Equation 1 explains the NPV calculation where T denotes the life of the project, t
represents the number of years in the future the cost or benefit occurs, and 𝛿 denotes the
discount rate. 𝐵! represents total benefits in a given year and 𝐶! represents total costs for
that year.
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Cost benefit analysis is very applicable for comparing two different aquaponic
technologies because it weighs the individual benefits and the individual costs, over the
15-year lifespan of the investment, and gives a monetary value that can be compared
evenly across the two investments. This method is used to compare the relative economic
attractiveness of two different aquaponic technologies – the coupled system against the
decoupled system. Each system has the same capital investment but differing yearly
operating costs and differing yearly revenues. This necessitates the use of NPV analysis
to effectively weigh these disparate cost and benefits which occur across time to allow for
a meaningful comparison of technologies.
Additionally, cost benefit analysis synergizes with comparative static analysis
nicely. Comparative static analysis is the study of how results, in this case NPV, change
with response to changes in exogenous parameters such as price received, input cost, or
discount rate. This is of particular interest to aquaponics because the price of locally
grown organic tomatoes, the price of locally raised tilapia, the cost of water, and the
agent’s discount rate can vary across time and location. Additionally, the cost of labor
can vary depending on situation, scientific knowledge of the management, and size of the
operation. After conducting an NPV analysis for both technologies under baseline
assumptions, the NPV for both technologies is calculated under varying baseline
parameters as a robustness check on the preferred technology, testing the validity of the
results in a variety of economic situations.
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DATA AND PARAMETER ESTIMATION

To keep comparisons across technology consistent I compared the scientific
parameters of a closed loop and an open loop system from a prototype study performed in
Berlin, Germany, (Monsees et al., 2017). This study used the same sized operation for
both technologies so as to determine which technology was more efficient. The
aquaculture units of both systems were intermediate-commercial size with 240 ft3 of fish
rearing area while the hydroponic units were pilot size, only growing 15 tomato plants
each. In order to effectively determine and compare the profitability of both technologies
at an intermediate-commercial size, the hydroponic units needed to be scaled up to a size
that would proportionally match the productivity of the aquaculture unit. More research
was necessary to determine what these hydroponic parameters would be. Fortunately, the
same authors who performed this technological comparison at the prototype level had
also performed a study on an optimized decoupled aquaponics system at the intermediatecommercial size in the same facility (Kloas et al., 2015). This second study was of a more
realistic scale. The goal of study #2 was to operate a decoupled aquaponic system in such
a way that fish water was optimized as fertilizer in order to meet the demands of the
plants. This implies that the ratio of fish waste to plant growth area would be optimal. It
can then be assumed that because study #2 had a very similarly sized aquaculture unit to
study #1, the technological comparison study, the hydroponic units of the two studies
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should also be similarly sized if they are to operate optimally. This information was used
to modify the original parameters of the first study to match the plant growing area
demonstrated by study #2. Overlaying the parameters of the optimized decoupled
hydroponic subsystem from study #2 over the pilot size hydroponic subsystem of study
#1 created the means for which the coupled and decoupled systems could be compared as
if they were operating optimally at the intermediate-commercial level. The estimated
costs of each necessary component for the coupled and decoupled systems were then
identified. Tables 1 and 2 show the parameters used in the cost benefit analysis for the
coupled and decoupled systems, respectively; sources for all costs are also provided in
the tables.
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Table 1. Coupled System Table of Costs
Coupled System
Initial Costs
Item
Fish Tank
Aerator/blower
Biofilter tank
Biofilter media
Clarifier
Plumb piping and valves
Pump
Sump tank
Heating system
Water Quality Kit
Back up Power System
Lighting Timer
Sodium Discharge Lamps
NFT System
Greenhouse Structure
Temp control Installation
Water - commercial
3/4" meter Park City, UT

Details
1.7m3
3566 GPH
2m3
1605 m2
1.9 m3

Quantity
4
1
1
1
1

Price
469.99
107.96
1,023.59
45.00
1,023.59
449.19
196.20
348.84
1,695.00
319.28
250.00
20.59
41.77
2,999.00
32.23
3.30

Shipping
Cost
Total Cost
$ 373.78 $ 2,253.74
$
107.96
$ 142.77 $ 1,166.36
$
$
45.00
$ 142.77 $ 1,166.36
$
$
449.19
$ 20.63 $
216.83
$ 153.76 $
502.60
$ 225.00 $ 1,920.00
$
319.28
$ 18.00 $
268.00
$
$
20.59
$ 58.05 $ 2,313.63
$ 2,999.00
$
$ 32,225.67
$
$ 3,299.30

$
$
$
$
$
$
10L/min
1 $
200 gal
1 $
10L/20,000W
1 $
1 $
12 V
1 $
20 W
1 $
600W
54 $
363 plants
10x36
$
$32.23/ft2
1000 $
$3.30/ft2
1000 $
$8.85/k-gal
0-150,000 k-gal
initial (k-gal)
3.434 $
30.39 $
meter
801.94 $ 801.94 $
Operating Costs
Yearly
Item
Details
Quantity
Price
Fish Feed Aller-Aqua
2.11 kg/day
771.7 $
2.00
Tilapia fingerlings
$0.56/fingerling
1964 $
0.56 $
pH adjustors (CaCO3)
165.1 lbs/yr
3.302 $
10.00 $
Tomatoes
726 seeds
726 $ 170.40 $
Rock Wool Cubes
10*10*4.3 cm
726 $
0.60
Fertilizer Krista K plus
4-20lb bags
74 $ 139.96 $
Fertilizer CalciNit
1-20 lb, 2-5 lb
28.82
38.97 $
Manna Lin M Spezial
8.47 L
3-2.5L, 1-1L $
59.15 $
Fertilizer KHCO3
32 lbs
2/3 of 50lb
$ 136.00 $
Water - commercial
$8.85 per k-gal for 0-150,000 k-gal
3/4" meter Park City, UT usage (k-gal/mo)
18.576 $ 164.40 $
meter/mo
786.24 $ 786.24 $
Electricity $0.0806/kWh
Yearly
& Natural Gas $4.31/ft3
Item
Details
Quantity
Price
Aerator 200W
24/7
1752 $ 141.21
NG Water Heater 0.86 ft3/day
312.148 $ 1,345.36
54 SDL's 600W
6 hours/day
70956 $ 5,719.05
Greenhouse
10000 kWh
10000 $ 806.00
Timer 1725 W
8 hours/day
5037 $ 405.98
Fixed Economic Cost
Depreciation
Revenues
Yearly
Item
Details
Quantity
Price
Tomatoes per lb
u: 2.67, SD: 0.56
9762 Variable
Tilapia per lb
u: 2.68, SD: 1.315
2946 Variable

$
$

Source
(Tank and Barrel, 2019)
(Amazon, 2019)
(Tank and Barrel, 2019)
(Algae Barn, 2019)
(Tank and Barrel, 2019)
(Bailey et al., 1997)
(Cole Palmer, 2019)
(Bailey et al., 1997)
(The Aquaponic Source, 2019)
(Simonetti, 2015)
(Endless Food Systems, 2019)
(Hydro Farm, 2019)
(Growers House, 2019)
(Greenhouse Megastore, 2019)
(Robbins, 1999)
(Robbins, 1999)
(Park City, 2019)
30.39 Author Calculations
801.94 Author Calculations

Total Cost
$ 1,543.40
$ 1,099.84
$
33.02
$
170.40
$
435.60
$
139.96
$
38.97
$
59.15
$
136.00
$
$

164.40
786.24

Total Cost
$
141.21
$ 1,345.36
$ 5,719.05
$
806.00
$
405.98

Source
(Ruvu Fish Farm, 2019)
(FAO, 2019)
(FeedX, 2019)
(Johnny's Selected Seeds, 2019)
(Floraflex, 2019)
(M.B. Ferts, 2019)
(M.B. Ferts, 2019)
(Hauert Manna, 2019)
(Ingredi, 2019)
(Park City, 2019)
Author Calculations
Author Calculations
(Electricity Local, 2019)
(Natrual Gas Local, 2019)
Author Calculations
Author Calculations
Author Calculations
(Simonetti, 2015)
Author Calculations

$ 3,141.29 Author Calculations
Total
Revenue
Variable
Variable

Source
(USU Extension, 2017)
(USDA NASS, 2018)
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Table 2. Decoupled System Table of Costs

Item
Fish Tank
Aerator/blower
Biofilter tank
Biofilter media
Clarifier
Plumb piping
Pump
Sump tank
Heating system
Water Quality Kit
Back up Power System
Lighting Timer
Sodium Discharge Lamps
NFT System
Greenhouse Structure
Temp control Installation
Water - commercial
3/4" meter Park City, UT

Item
Fish Feed Aller-Aqua
Tilapia fingerlings
pH adjustors (CaCO3)
Tomatoes
Rock Wool Cubes
Fertilizer Krista K plus
Fertilizer CalciNit
Manna Lin M Spezial
Fertilizer KHCO3
Water - commercial
3/4" meter Park City, UT
Electricity $0.0806/kWh
& Natural Gas$4.31/ft3

Decoupled System
Initial Costs
Shipping
Details
Quantity
Price
Cost
1.7m3
4 $ 469.99 $ 373.78
20 W
1 $ 107.96 2m3
1 $ 1,023.59 $ 142.77
1605 m2
1 $ 45.00 $
1.9 m3
1 $ 1,023.59 $ 142.77
$ 449.19 $
10L/min
1 $ 196.20 $ 20.63
200 gal
1 $ 348.84 $ 153.76
10L/20,000W
1 $ 1,695.00 $ 225.00
1 $ 319.28
12 V
1 $ 250.00 $ 18.00
1725 W
1 $ 20.59 $
600W
54 $ 41.77 $ 58.05
363 Plants
10x36
$ 2,999.00
$32.23/ft2
1000 $ 32.23 $
$3.30/ft2
1000 $
3.30 $
$8.85/k-gal
for 0-150,000 k-gal
initial (k-gal)
3.434 $ 30.39 $
meter
801.94 $ 801.94 $
Operating Costs
Yearly
Details
Quantity
Price
2.11 kg/day
771.7 $
2.00
$0.56/fingerling
1964 $
0.56 $
161.9 lbs/yr
3.238 $ 10.00 $
726 seeds
726 $ 170.40 $
10*10*4.3 cm
726 $
0.60
4-20lb bags
74 $ 139.96 $
1-20 lb, 2-5 lb
28.82
38.97 $
8.47 L
3-2.5L, 1-1L $ 59.15 $
32 lbs
2/3 of 50lb $ 136.00 $
$8.85 per k-gal for 0-150,000 k-gal
usage (k-gal/mo)
48 $ 424.80 $
meter/mo
786.24 $ 786.24 $
Yearly
Item
Details
Quantity
Price
Aerator 200W
24/7
1752 $ 141.21
NG Water Heater 0.86 ft3/day
312.148 $ 1,345.36
54 SDL's 600W
6 hours/day
70956 $ 5,719.05
Greenhouse
10000 kWh
10000 $ 806.00
Timer 1725 W
8 hours/day
5037 $ 405.98
Fixed Economic Cost

Depreciation

Total Cost
$ 2,253.74
$ 107.96
$ 1,166.36
$
45.00
$ 1,166.36
$ 449.19
$ 216.83
$ 502.60
$ 1,920.00
$ 319.28
$ 268.00
$
20.59
$ 2,313.63
$ 2,999.00
$ 32,225.67
$ 3,299.30
$
$

Source
(Tank and Barrel, 2019)
(Amazon, 2019)
(Tank and Barrel, 2019)
(Algae Barn, 2019)
(Tank and Barrel, 2019)
(Bailey et al., 1997)
(Cole Palmer, 2019)
(Bailey et al., 1997)
(The Aquaponic Source, 2019)
(Simonetti, 2015)
(Endless Food Systems, 2019)
(Hydro Farm, 2019)
(Growers House, 2019)
(Greenhouse Megastore, 2019)
(Robbins, 1999)
(Robbins, 1999)
(Park City, 2019)
30.39 Author Calculations
801.94 Author Calculations

Total Cost
$ 1,543.40
$ 1,099.84
$
32.38
$ 170.40
$ 435.60
$ 139.96
$
38.97
$
59.15
$ 136.00
$
$

424.80
786.24

Total Cost
$ 141.21
$ 1,345.36
$ 5,719.05
$ 806.00
$ 405.98

Source
(Ruvu Fish Farm, 2019)
(FAO, 2019)
(FeedX, 2019)
(Johnny's Selected Seeds, 2019)
(Floraflex, 2019)
(M.B. Ferts, 2019)
(M.B. Ferts, 2019)
(Hauert Manna, 2019)
(Ingredi, 2019)
(Park City, 2019)
Author Calculations
Author Calculations
(Electricity Local, 2019)
(Natrual Gas Local, 2019)
Author Calculations
Author Calculations
Author Calculations
(Simonetti, 2015)
Author Calculations

$ 3,141.29 Author Calculations
Revenues

Item
Tomatoes per lb
Tilapia per lb

Details
u: 2.67, SD: 0.56
u: 2.68, SD: 1.315

Yearly
Quantity
Price
13124 Variable
2946 Variable

Total
Revenue
Variable
Variable

Source
(USU Extension, 2017)
(USDA NASS, 2018)
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The output of tomatoes and tilapia for both intermediate-commercial size systems
were used to estimate revenue streams for the NPV analysis. The tomato output was
found by taking the six-month average plant production statistic observed for the coupled
and decoupled systems in the technological comparison study and multiplying that
number by the number of tomato plants grown in the system each year, 762. Each system
could hold approximately 363 tomato plants on a six-month cycle (Kloas et al., 2015)
meaning that each system could grow 726 tomato plants with a six-month productive
plant life on a yearly basis. The plant production statistic represents the average amount
of tomatoes each plant will produce in its six-month life. The tilapia output was found by
taking the number of fish grown to maturity within the six-month duration of the study
and multiplying that number by two to find the number of fish the system would be able
to grow to maturity in a year’s time (Monsees et al., 2017). If the system were run for a
year, 1,964 fish would be grown to selling maturity- approximately 1.5 lbs. each (Travis,
2018).
Tomato yields were determined by taking the number of tomatoes grown in each
system, 762, and multiplying that number by average tomato plant productivity in each
respective system found by the technological comparison study. Over a six-month
period, it was found that tomato plants in the coupled system produced 13.45 lbs. of
tomatoes per plant while tomato plants in the decoupled system produced 18.08 lbs. of
tomatoes per plant. When multiplied my 762, these calculations gave a total of 9,762 lbs.
of tomatoes produced by the coupled system per year and 13,124 lbs. produced by the
decoupled system per year. The relative superiority of pH and temperature control in the

21
decoupled system increases tomato productivity without harming the fish, (Monsees et
al., 2017). Tomato prices were determined using data from USU Extension on Utah
Farmers Market and Grocery Store Pricing data from 2016-2017. Organic slicing vine
tomatoes had an average price of $2.53 from 2016-2017, and a standard deviation of
$0.53. In 2019 dollars, this equates to $2.67 and $0.56 for mean and standard deviation
respectively. The mean and standard deviation were used to create a normal price
distribution with @RISK software. The cost benefit analysis draws from within this
normal distribution to provide different NPV values depending on fluctuating tomato
prices. Figures 3 and 4 show the normal price distribution of tomatoes and tilapia.

Figure 3. Tomato Price Distribution for Coupled and Decoupled Aquaponics.

22
Figure 4. Tilapia Price Distribution for Coupled and Decoupled Aquaponics.

It was assumed that in this controlled environment, all tilapia were sold over the
course of the year. Each of these tilapia were assumed to be sold at a deterministic weight
of 1.5 pounds - the average weight aquaponically raised tilapia will grow to be over a 6
month period (Travis, 2018). These assumptions can be safely made because of the high
level of control aquaponic systems allow. Much of the weight gain that occurs in fish is
directly related to the amount of feed provided. With a constant feed conversion ratio, the
average amount of weight gained by the fish remains steady. In order to determine the
selling price of tilapia, the most reliable data available was from USDA Quick Stats
(USDA NASS, 2018). Although there was not a consistent time series of data, the 2018
national average and standard deviation for the price received for food size tilapia
provided the most recent data available.
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As with tomato prices, the average tilapia price of $2.68 and standard deviation of
$1.315 were used to create a normal price distribution in @RISK (USDA NASS, 2018).
By creating stochastic pricing, price volatility can be accounted for and the risk of prices
going up or down can be analyzed. The high standard deviation associated with tilapia
makes this feature even more crucial. Tilapia is mostly imported into the United States
from Asian and Latin American countries; the domestic market is lacking. China in
particular is one of the United States’ largest suppliers of tilapia (FAO, 2019). Because of
trade wars and tariffs, the international tilapia price fluctuates greatly, and this impacts
the domestic market prices aquaponic producers would receive.
The costs related to the aquaculture and hydroponic components of both systems
were largely the same because differences in technology mostly have to do with water
usage and tomato plant productivity. Water usage rates for each system were determined
in two parts – the initial water needed to fill the system and the yearly water usage.
Because the technological comparison study did not reflect the amount of water
necessary for an optimally sized hydroponic subsystem, the water data for both systems
in this study were taken from the same optimized decoupled system, referenced above as
study #2 (Kloas et al., 2015). The intermediate-commercial scale decoupled system
showed a 3.83% daily water usage in a 3,434 gallon system. That would be 48,008
gallons in water usage per year. The ratio of water consumption between the coupled and
decoupled pilot-scale systems in the technological comparison study (Monsees et al.,
2017) was then used to determine water consumption for the intermediate-commercial
scale coupled system (Kloas et al., 2015) based on the intermediate-commercial scale
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decoupled system. This ratio was found by taking the water consumption of both
systems, not including the initial water needed to fill the systems, over the course of the
pilot study and dividing the two. The coupled system used 507 gallons while the
decoupled system used 1,311 gallons (Monsees et al., 2017). It could then be concluded
that a coupled system consumes 38.7% of the water that a decoupled system consumes,
18,579 gallons per year.
Straight-line depreciation method was used, and in order to simplify depreciation,
three categories of lifespan were created. All large equipment, tanks and machinery were
depreciated at a 15-year life, anything with less than a 1-year life was not depreciated,
and everything else was assumed to be depreciated within eight years. The lifespan of
eight years was chosen to split the difference between all items between a 5-10-year life.
Depreciation was made to be a fixed economic cost in the cost benefit model. Table 3
shows the calculation of straight-line depreciation for both systems.

Table 3. Straight-Line Depreciation for Coupled and Decoupled Systems
Item
Fish Tank
Aerator/blower
Biofilter (Moving Bed Filter) tank
Biofilter media (24 cubes)
Clarifier
Plumb piping and valves
Pump
Sump tank
Natural gas fired Heating system
Water Quality Test Kit
Back up Power System
Lighting Timer
Sodium Discharge Lamps
NFT System
Greenhouse Structure

Details
1.7m3
3566 GPH
2m3
1605 m2
1.9 m3
10L/min
200 gal
10L/20,000W

Quantity
4
1
1
1
1
1
1
1
1
1
1
54

12 V
20 W
600W
363 Tomato Plants 10x36
$32.23/ft2
1000

Straight Line Depreciation
Price
Shipping Cost (84060)
$ 469.99 $
373.78
$ 107.96
$1,023.59 $
142.77
$ 45.00 $
$1,023.59 $
142.77
$ 449.19 $
$ 196.20 $
20.63
$ 348.84 $
153.76
$1,695.00 $
225.00
$ 471.49
$ 250.00 $
18.00
$ 20.59 $
$ 41.77 $
58.05
$2,999.00
$ 32.23 $
-

Total Cost
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Useful Life
2,253.74
107.96
1,166.36
45.00
1,166.36
449.19
216.83
502.60
1,920.00
471.49
268.00
20.59
2,313.63
2,999.00
32,230.00

15
8
15
8
15
15
8
15
15
8
8
8
15
15
15
Total

Annual Depreciation
$
150.25
$
13.50
$
77.76
$
5.63
$
77.76
$
29.95
$
27.10
$
33.51
$
128.00
$
58.94
$
33.50
$
2.57
$
154.24
$
199.93
$
2,148.67
$

3,141.29
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Inflation was incorporated into future depreciation costs based on the average
provided by the Bureau of Labor Statistics. Over the last 20 years the average inflation
rate has been 2.165%, this was rounded to 2% for the purposes of this research (BLS,
2020). Each consecutive depreciation cost had inflation factored out of it using equation
2, so as to keep it in real terms:

,

"
𝐷! = ($%-)
!

(2)

𝐷! represents the real depreciation amount occurring in year t, r represents the
inflation rate of 2%, and t represents the number of years in the future the depreciation is
occurring.
Because some of the collected costs in the cost benefit analysis were taken from
previous research, the CPI was used to bring those prices into 2019 terms. The price
stated in the article was divided by the ratio of the CPI in the year the article was
published to the CPI in 2019. This was necessary for the greenhouse infrastructure, the
water quality testing equipment, and the plumb piping and valves.
The discount rate was examined under varying levels. Comparative statics were
run on multiple discount rates to ensure that the risk for a prospective aquaponic operator
can be chosen by the individual to match the rate of return which best suits them.
Comparative statics range from 5-15%.
Something to note with this method is that the importance of comparing the
technologies evenly across all dimensions translates to the necessity for data
extrapolation. This extrapolation is in reference to scaling up the hydroponic subsystem
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in the technological comparison study using the previously discussed research regarding
the optimized decoupled system in order to estimate the costs and benefits of running an
intermediate-commercial scale aquaponic system. In order to do this the analysis relies on
the accuracy of scaling but contributes significantly to research by providing an economic
analysis that can be manipulated to any prospective aquaponic operator’s situation. Using
this cost benefit analysis, one could input their own cost estimates and selling prices
based on their individual location and suppliers. Size should also be taken into
consideration, seeing as the optimized operation that was used to scale up this research is
only considered intermediate-commercial size.

RESULTS

The cost benefit analysis showed that – under baseline assumptions – the net
present value of the decoupled system is considerably higher than that of the coupled
system, with an average net present value of $153,806. The coupled system only
produced a net present value of $87,505. Both net present values resulted in a normal
distribution with differing levels of risk. Figures 5 and 6 display the probability density
functions of the coupled and decoupled systems.
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Figure 5. Coupled Aquaponics NVP Probability Density Function.

Figure 6. Decoupled Aquaponics NPV Probability Density Function.
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These results show the risk associated with each investment. The coupled system
displays a smaller distribution which is shifted further left, toward the negative, than the
decoupled system investment. The coupled system has a much higher probability, 4.5%,
of returning a negative net present value as opposed to the decoupled system which only
has a .7% probability of doing so. The standard deviation of the decoupled system’s
probability density function is $62,882, considerably larger than the coupled system’s
standard deviation of $51,274. It can be concluded that although the decoupled system
exhibits a greater standard deviation which causes more variability in potential outcomes,
it is the wiser investment due to the fact that the elevated mean places 99.3% of the
distribution in the positive.
While both systems are positive investments, it is clear that the technological
production advantages of the decoupled system, discovered by Hendrik Monsees et al.
(2017) translate to being strong economic advantages as well. This economic comparison
of aquaponic technologies was kept as constant as possible. By emulating the system setup which the technological comparison pilot study employed and scaling up the
hydroponic parameters to be optimal, the two technologies were comparable side by side.
Because system infrastructure was the same between the two, the only differences in cost
pertained to water usage. The decoupled system involves the separation of the
unidirectional loop, incurring higher water usage without changing the structural
components needed for the system. This analysis came down to the question of whether
the additional water costs associated with the decoupled system were worth the increased
benefit of having better control over water quality resulting in higher tomato yields.
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Ultimately, for Park City, Utah, the fixed cost of a ¾” commercial water meter is
so high, compared to the price of water itself, that it smooths the difference between the
water usages of the coupled and decoupled systems. The initial cost of the necessary
meter size is about $800 while the monthly base rate is $65. Because aquaponics is such a
water efficient form of agriculture, the decoupled system only requires 4,000 gallons per
month and the coupled system requires 1,548 gallons per month. As a result, the monthly
base rate of the meter alone makes up 65% and 83% of the yearly operating cost of water
for the decoupled and coupled systems, respectively. This results in the amount of water
used incurring relatively little impact on the overall cost of operating each system. At the
same time, the water quality control provided by the decoupled technology allows for a
much higher average in pounds of tomatoes produced per plant. Tomatoes thrive under
the proper water conditions with more precise temperature and pH regulation. This
advantage results in an average production of 18.08 lbs. per plant in the decoupled system
versus the 13.45 lbs. per plant in the coupled system. This difference in tomato revenue
overwhelms the differences in water costs and this is the basis for why the decoupled
system is so much more profitable.
It is generally understood that the production of fish within an aquaponics system
can only be relied upon to break-even on the cost incurred by the aquaculture subsystem.
Most of the profit will come from the vegetables in the hydroponic subsystem. It is
theoretically possible for higher value fish, such as salmon or trout, to be raised in
aquaponics in order to generate a higher revenue, but due to the reported difficulty of
raising these fish in an aquaponic setting, most research has focused on the use of tilapia.
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This is mostly due to tilapia’s natural compliance to the system’s preferred pH,
temperature, and high stocking densities (Castelo, 2018).
Tomato price plays an important role in the revenue generated by aquaponics. The
tomato price for this analysis was chosen based on the organic farmers market data in
northern Utah from 2016-2017 converted into 2019 dollars. A normal distribution was fit
to the model using the average of $2.67 per pound and a standard deviation of $0.56
(USU Extension, 2017). Comparative statics were run to observe the impact on net
present value if the price was one standard deviation above and below the mean. One
standard deviation above the mean would be a selling price of $3.23 per pound. At this
price, the net present value would increase to a mean of $129,085 for the coupled system
and $209,707 for the decoupled system. If the price were to fall to one standard deviation
below the mean to $2.11 per pound, then the mean net present value of the coupled
system would fall to $49,925 and the mean net present value of the decoupled system
would fall to $97,906. The new distributions for these prices can be found in the figures
below. Of all revenues and costs included in this model, fluctuations in tomato price has
the largest impact on net present value due to the large quantity of tomatoes produced.
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Table 4. Comparative Static – Tomato Price.
Coupled Aquaponics
Tomato Price Mean NPV
$3.23/lb
$ 129,085
$2.67/lb
$ 87,505
$2.11/lb
$ 45,925

Decoupled Aquaponics
Tomato Price Mean NPV
$3.23/lb
$ 209,707
$2.67/lb
$ 154,262
$2.11/lb
$
97,906

Similarly, comparative statics for tilapia price were performed for prices one
standard deviation above and below the mean. The mean price of tilapia is $2.68 per
pound with a standard deviation of $1.32 (USDA NASS, 2018). If the price were to
fluctuate to one standard deviation above the mean, $4.00 per pound, the new mean net
present value would be $117,083 for the coupled system and $183,384 for the decoupled
system. Likewise, if the price were to drop one standard deviation below the mean to
$1.36 per pound, the new mean net present value for the coupled system would be
$57,031, and $123,332 for the decoupled system. Tilapia price has a much larger
standard deviation than tomato price. While the revenue coming from tilapia is greatly
impacted by its price, the total net present value is less affected because tilapia accounts
for a much smaller percentage of revenue than tomatoes.

Table 5. Comparative Static – Tilapia Price.
Coupled Aquaponics
Tilapia Price Mean NPV
$4.00/lb
$ 117,083
$2.68/lb
$ 87,505
$1.32/lb
$ 57,031

Decoupled Aquaponics
Tilapia Price Mean NPV
$4.00/lb
$ 183,384
$2.68/lb
$ 154,262
$1.32/lb
$ 123,332
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In terms of yield sensitivity, aquaponic technology allows for a highly controlled
environment when operated correctly. Compared to conventional agriculture, there are
fewer risks related to weather and pestilence inside the greenhouse structure. Nutrient
levels are monitored to ensure that the crops are receiving everything they need, and
additional fertilizers are easy to supplement. The only risk related to raising fish is the
occasion of a power failure. When fish are stocked at a commercial density which
requires aeration, as they would be in this system, a long-term interruption in power
could cause a fish die-off due to lack of oxygen. The fish suffocate in the water because
aeration is necessary to produce enough oxygen for the mass quantity. If this were to
occur, the entire operation would need to become a regular hydroponic facility.
Additional fertilizers and nutrients would need to be purchased to keep the tomato plants
alive while the system came back to a state of normalcy with new fish and nitrifying
bacteria. Other than the risk of power failure, tilapia is one of the best types of fish for the
purposes of aquaculture. Tilapia are relatively easy to keep healthy in this environment
and, although they are not the most lucrative product to sell, the most important purpose
they serve is consistently providing the vegetables with nutrients. As a result of the
highly controlled environment within aquaponics, yield variability is low and is not
expected to affect the outcome of the investment barring extenuating circumstances.
Comparative statics on the discount rate were conducted for the purposes of
allowing potential investors to choose their own desired rate of return. Previous cost
benefit analyses in literature used discount rates from 6%, (Simonetti, 2015), to 20%,
(Bailey et al., 1997). The standard discount rate used for this analysis was 10%. Turning
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the discount rate into a comparative static allowed for discount rates of 5-15% to be
observed in order to provide flexibility and a comprehensive net present value analysis.
As the discount rate increases, signifying an increase in the cost of borrowing money or
the opportunity cost of the investment, the net present value inevitably falls. In reality this
value would be closely tied to each individual aquaponic producer’s circumstances.

Table 6. Comparative Static – Discount Rate.
Coupled Aquaponics
Discount Rate Mean NPV
5% $138,102.70
6% $125,917.45
7% $114,888.75
8% $104,884.67
9% $ 95,790.20
10% $ 87,504.93
11% $ 79,940.99
12% $ 73,021.34
13% $ 76,682.67
14% $ 60,852.34
15% $ 55,490.93

Decoupled Aquaponics
Discount Rate Mean NPV
5% $228,580.91
6% $210,577.94
7% $194,281.33
8% $179,496.60
9% $166,054.24
10% $154,262.19
11% $142,622.92
12% $132,390.81
13% $123,010.08
14% $114,392.87
15% $106,461.74

Labor is another variable which is difficult to determine for this size operation.
Previous studies have had different ways of approaching the topic of labor. Some have
claimed that an operation of similar size to this research requires one laborer to maintain
it (Bailey et al. 1997). Another economic analysis which valued the University of Virgin
Islands aquaponics operation stated that the required labor was the owner with one
additional employee (Simonetti, 2015). The operation at the University of the Virgin
Islands is approximately 3 times the size of the operation pertaining to this research,

34
suggesting that the owner alone may be enough to sustain an intermediate-commercial
size operation. In other cases, aquaponics operations of this size are supported by a
community of volunteers. When aquaponics is implemented with the intention of helping
supply food to a food desert with local fresh produce, community needs can be the very
thing that keeps the operation thriving (O’Hara, 2015). An example of this is the Urban
Food Hub Solution which bring communities together through the production of food.
The College of Agriculture, Urban Sustainability and Environmental Sciences at the
University of the District of Columbia has implemented an aquaponics facility using their
own Urban Food Hub concept. This facility is run by community volunteers and
supervised by the college’s land-grant centers (O’Hara, 2015). With all of these situations
in mind, it is very likely that the investor could need varying levels of labor, depending
on community or university involvement, the investor’s knowledge of aquaponics, and
their ability to work for themselves.
In order to address this variability, the comparative static on labor compared an
operation which did not require additionally hired labor, an operation which required a
part-time laborer, and an operation which required a full-time laborer. The results of
these changes and the corresponding mean NPV can be found in Table 7. The decoupled
system is more flexible in terms of being able to take on a full-time laborer while
remaining a positive investment, while the coupled system can only afford 1 part-time
laborer. This shows that the addition of labor would be detrimental to the coupled system,
it is necessary that the investor ensure minimal labor requirements in order to remain
profitable.
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Table 7. Comparative Static – Labor.
Coupled Aquaponics
Labor at $8.50/hr
Mean NPV
0 paid labor
$ 87,505
1 part-time laborer $ 20,267
1 full-time laborer $ (46,971)

Decoupled Aquaponics
Labor at $8.50/hr
Mean NPV
0 paid labor
$ 154,262
1 part-time laborer
$ 86,568
1 full-time laborer
$ 19,331

Because the cost of water is one of the most decisive factors in determining which
technology is more profitable, it is important to observe changes in the price of water that
would cause a reversal of these results. A what-if analysis was performed on the variable
cost of water using the goal seek function to determine how expensive water would need
to become in order for the profit levels achieved by both systems to be equal. Currently
the cost of water in Park City, Utah for a plant this size is $8.85 per kilo-gallon.
Additionally, the cost of running a ¾” commercial meter allowing up to 150,000
kilogallons each year is $786. In order for the additional water usage in the decoupled
system to break even with the coupled system, the cost of water would need to increase to
$192 per kilo-gallon. This is a highly unlikely scenario which proves the superior
profitability of the decoupled system design due to the very low variable cost of water.

CONCLUSION

In analyzing two comparable aquaponic systems, each employing different
technologies, this research was able to show that the preferred technology for operating at
the intermediate commercial size in Park City, Utah is the decoupled system. These
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results hold across the range of all parameters for price, input cost, discount rate, and
labor considered.
In order for this technology to become widely adopted and for these
environmental benefits to begin positively impacting the way food is produced, it is
necessary that potential investors are educated on the outcome of their investment. The
resource efficiency of aquaponics has been proven extensively. The next step is finding
ways aquaponics can be implemented profitably where it is most needed – food deserts
and areas susceptible to drought. This research shows that aquaponics can be profitable in
Utah at the intermediate-commercial scale, but it may not be profitable enough to
encourage the investment. The decoupled system, while still considerably more water
efficient than conventional agriculture, made up for additional water usage cost with
additional tomato output. In a place or time where the cost of water might increase
significantly, these results may turn in favor of the coupled system due to the value of
water being reflected in the cost of the decoupled system. The social cost of water is also
something to consider. If minimizing the use of freshwater becomes imperative, the
coupled system could become a more competitive investment.
Although this model was based on scientific aquaponics studies which were
performed for the sake of determining technological advantages and optimal system setups, an accurate representation of what intermediate-commercial aquaponics in Park City,
Utah may look like has been created. Potential investors can input their own parameters
to determine the net present value of their investment in aquaponics. The flexibility of
this model allows for adaptation to the individual conditions an investor may be handling.
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Using this data, risk can be better understood and, as a result, better mitigated,
encouraging further investment in aquaponics. Because labor proved to be the most
detrimental to NPV, it is vital that the investor ensure that labor stays within the
requirements of being profitable. Based on the size of this operation, previous research
suggests that this is feasible, but it remains one of the most important variables which the
investor needs to be confident in to ensure profit.
The most important contribution this research makes is the realization that the
decoupled aquaponic technology is more profitable the coupled technology at the
intermediate-commercial size, operated by 1-2 people in an urban area within the
continental United States. This has yet to be found in the literature and is incredibly
important, particularly for investors who may want to start small by using aquaponics to
serve the markets and restaurants in their urban communities. The size of this operation
also provides great opportunities for communities in food deserts to implement a project
that can be supervised by one individual, allowing communities to contribute to their own
success – providing sustainably grown, fresh produce in places that struggle to gain
access to something so essential.
Further economic research on aquaponics is necessary. More extensive cost
benefit analyses should be performed, displaying the economies of scale associated with
aquaponics. It has been shown in previous research how strong the economies of scale
are for aquaponics operations (Bailey et al., 1997), but this is another study based on the
unique conditions found in the Virgin Islands. Discovering the economics behind
operating at the largest size possible in the continental United States could inspire the
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furthering of aquaponic practices. The most successful aquaponics operations that exist
today are also among the largest in the world, such as Superior Fresh in Northfield, WI,
Ourobros Farms in Half Moon Bay, CA, and Rogue Aquaponics in Rogue River, Oregon.
These facilities motivate research on how to continually improve the profitability of
aquaponics to encourage the adoption of this practice by showing that it is possible.
Ultimately agricultural practices will need to adjust to the resource constraints
enforced by nature in order to meet food security demands at some point in the future. It
is known that aquaponics can aid this adjustment, and continued research to improve
profitability is necessary to make it feasible. Now that this research has provided a
framework for comparing the two leading aquaponic technologies, aquaponic investment
can be measured effectively and scaled up to determine profitability under different sizes
and in different environments.
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